Congenital indifference to pain is a rare and debilitating congenital disease. Individuals with the disorder may have one or a combination of sensory or autonomic deficits, which can range from lack of mechanical nociception, diminished ability to detect heat and cool stimulation, to the devastating and fatal form which includes autonomic dysfunction. It is important for radiologists to be able to recognize the radiographic presentations of this rare disorder, as delay in diagnosis can lead to extensive and sometimes unnecessary workup. We present a case of congenital indifference to pain initially interpreted as a mass of the distal femur.
CASE REPORT
An 8 year old girl presented with right knee pain, reporting that she recently fell from her bed. Upon further questioning she revealed that the pain had begun months prior to the fall. Her knee was swollen and painful at the time of her initial physical examination. Radiographs (Fig 1) of the knee were performed, revealing a mixed lytic and sclerotic lesion measuring 3.5 cm craniocaudal (CC) x 2 cm antero-posterior (AP) x 3.5 cm transverse (TV) involving the epiphysis and metaphysis of the right lateral femoral condyle. Further characterization was performed with MRI (Fig 2) , which was interpreted as a distal femur mass lesion complicated by lateral condyle displaced pathological fracture.
Percutaneous bone biopsy performed two weeks after initial presentation yielded viable trabecular bone. Results were negative for infection or neoplasm, and the specimen was felt to be non-diagnostic as the histologic changes were discordant with radiographic findings.
Evaluation with bone scan (Fig 3) was performed one month after discovery of the initial lesion in order to identify additional pathologic foci. The bone scan demonstrated increased activity in the lateral aspect of the distal epiphysis and metaphysis of the right femur.
Due to the discordant results from the initial percutaneous bone biopsy, as well as the continued concern about malignancy, an open bone biopsy was performed approximately six weeks after discovery of the lesion, which demonstrated benign fibrovascular proliferation with cartilaginous and osseous metaplasia, without evidence of malignancy.
At six month follow up, a repeat MRI with and without contrast of the right knee (Fig 4) was performed, and demonstrated progressive remodeling of displaced fracture through the posterior aspect of the lateral femoral condyle.
A follow-up right knee MRI (Fig 7) at nine months revealed expected post-operative changes at the biopsy site of the lateral femoral condyle, as well as progressive remodeling of the fracture and ossification of the epiphysis with resolution of the mass-like lesion. Additionally, during this follow-up visit, the patient began to report mild right ankle pain. Radiographs of the right ankle (Fig 5) demonstrated swelling of the ankle without fracture or dislocation. Ankle MRI (Fig  6) was performed, showing advanced osteoarthrosis of the posterior subtalar joint as well as extensive bone marrow edema of the talus and cystic change in the posterior facet of the talus. Exuberant bone marrow edema was present in the lateral and medial malleoli, calcaneus and cuboid, as well as the tibiotalar and subtalar joints.
Once the ankle joint became involved, there was suspicion of a systemic inflammatory disease. Given the multiple bone biopsies without malignant pathology and multiple joint involvement, oligo-articular juvenile idiopathic arthritis was the presumptive diagnosis. The auto-antibodies and labs typically associated with juvenile arthritis were negative, including anti-nuclear antibodies (ANA), rheumatoid factor, anti-cyclic citrullinated peptide (anti-CCP) antibody and human leukocyte antigen (HLA) B27. The patient was treated with methotrexate and prednisone without any clinical improvement. She underwent intra-articular corticosteroid injections of the right ankle and knee, which resulted in mild improvement of joint pain and swelling. Given the patient's clinical history, absence of the expected severe pain with the advanced osteoarthritis and fractures, as well as the lack of response to methotrexate and steroids, the diagnosis was in question. Further history was later obtained that during her childhood, she used to pull out her eyelashes and not cry as much as other children in response to pain. Hence, a diagnosis of congenital indifference to pain was pursued. Subsequently, genetic analysis was performed, revealing a mutation in the SCN9A gene, confirming the diagnosis of congenital insensitivity to pain.
Etiology and Demographics
Congenital insensitivity to pain (CIP), also known as congenital indifference to pain, was first described in the literature by Dearborn in 1932 [1] . Since then, less than 50 cases of congenital indifference to pain have been published in the medical literature. A total of approximately 150 total cases have been reported when combined with the more studied variant, congenital insensitivity to pain with anhydrosis (CIPA) [2] .
Congenital indifference to pain has been shown to follow an autosomal recessive pattern of inheritance [3] . It belongs to a larger family of Hereditary Sensory and Autonomic Neuropathies (HSAN) [4] . Congenital indifference to pain is caused by a mutation in the SCN9A gene, which codes for the sodium channel Nav 1.7 protein. A multitude of mutations can occur at the SCN9A gene, and this may result in vastly different outcomes affecting sodium channel NaV1.7.
The precise function of the NaV1.7 protein is unclear. However, it is known to be involved in generation of action potentials for a variety of sensory and autonomic functions. This explains why different mutations in the SCN9A gene can result in a wide variety of clinical presentations, ranging from insensitivity to pain to hyperalgesia or anosmia [5] . The most severe variant of SCN9A mutation is congenital insensitivity to pain with anhydrosis, a fatal variant which causes brain damage, mental retardation, unexplained fevers, and eventually death by hyperpyrexia [6] .
Clinical and Imaging Findings
Our patient had normal cognitive and motor development, sweat and lacrimal glands function, and sympathetic skin responses. The patient did not have any unexplained bouts of fever. While many patients may go undetected with multiple injuries for many years, our case was unique in the sense that the patient presented with a single sub-acute fracture due to the fact that she had at least some preserved sensation of pain.
In some cases, congenital indifference to pain may be suspected as early as infancy when painful stimuli like the pin prick from blood draw evoke no response [7] . One study describes a patient with incomplete congenital indifference to pain who was first suspected of the disorder when she sustained a painless corneal abrasion at the age of 6 months. At the age of two years, she suffered second degree burns to her hand and did not exhibit pain response. She first showed signs of pain when she acquired otitis media later in life. Sural nerve biopsy in that particular patient was normal, an expected finding with pain insensitivity syndromes as the nerves are histologically intact [3] .
As with most cases of congenital indifference to pain, a detailed and accurate history is essential to avoid unnecessary workup as well as to clinch the diagnosis. Historically, peripheral nerve biopsy was performed to exclude other mimickers of the disease [7] . Electroencephalogram, cerebrospinal fluid analysis, and sensory and motor nerve conduction studies were found to be normal in a majority of patients [8] . Now that genetic testing has become available in many clinical settings, gene analysis has become the gold standard for establishing the diagnosis [5] .
Treatment and Prognosis
Prevention and early detection of injury is of upmost importance in these patients in order to avoid morbidity related to undetected injuries.
Once the diagnosis has been established, it is important to have a high clinical suspicion for fractures, even in the setting of minimal or complete lack of pain. Although no formal guidelines for treatment have been established, liberal imaging at sites of potential injury is recommended as the pain response is variable and unreliable. According to American College of Radiology (ACR) Appropriateness Criteria, plain radiographs are the study of choice if fracture is suspected, and can be applied in this setting as well [9] . Prevention plays a key role in management of these patients. Custom fitted shoes and protective padding to prevent ulcers should be provided. Regular follow up is recommended, as well as prompt medical and surgical attention if necessary [10] .
Differential Diagnosis
Differential considerations vary based on if the presentation is monoarticular or polyarticular. Our patient initially presented with an isolated lesion with pathologic fracture, which led to workup for a neoplasm. Malignancy was eventually ruled out based on histologic sampling.
Inflammatory arthropathy is also a consideration, as in our case, when inflammatory changes predominate on imaging or there is polyarticular involvement. An additional consideration is neuropathic joint related to chronic neuropathy caused by a long standing illness such as diabetes or vascular disease. While the patient did have findings in the ankle consistent with neuropathic joint, she lacked additional findings of diabetes or vascular disease. Fractures secondary to non-accidental injury should always be considered in young children, though it can be differentiated from congenital indifference to pain if the patient has a normal sensory examination. Given the age of late presentation of our patient, and lack of associated cutaneous stigmata, spina bifida aperta was not a consideration, though it should be strongly considered in a patient presenting in infancy. Eventually, after excluding all other possibilities, the correct diagnosis of congenital insensitivity to pain was confirmed by SCN9A gene testing.
Clinical Application of SCN9A Mutation
Clinical applications are already being developed to lower analgesic doses in post-operative patients with SCN9A gene mutations. In a study that enrolled 200 patients who underwent pancreatectomy, those found to have the 3312T single nucleotide polymorphism (present in approximately 10% of the population) were found to require 30% less opioids and were at six-fold less risk of inadequate analgesia than those with the 3312G allele [11] . Further research has the potential to profoundly impact peri-operative and postoperative pain management. Additionally, it is critical to differentiate between different subtypes of the disease, as individuals suffering from the CIPA variant will have impaired thermoregulation and are at increased risk for malignant hyperthermia. Given the overall rarity of the disease, genetic testing of the entire population prior to operation is not feasible, though a thorough history may prompt testing on an individual basis, and can be useful for both peri-and postoperative pain management [12] .
Congenital indifference to pain is a rare and debilitating disorder that impairs the ability to detect pain. Many patients will present in their early years of life with healing fractures, which are often radiographically indistinguishable from aggressive neoplasms. Once appropriate workup has been completed to exclude a neoplasm, genetic testing of SCN9A gene may reveal the diagnosis of congenital indifference to pain, and help implement early preventative measures to avoid further morbidity. (Fig 2a) and post-contrast (Fig 2b) demonstrate a heterogeneous lesion measuring 3.5 x 2 x 3.5 cm in the posterior aspect of the lateral femoral condyle that is heterogeneously iso-and hypointense relative to skeletal muscle on T1 imaging with heterogeneous, septal enhancement (white arrows). Coronal T1 precontrast (Fig 2c) and post-contrast (Fig  2d) demonstrate the lesion spanning from the epiphysis through the physis into the metaphysis (black arrows). Focal areas of non-enhancement of the lesion are present along the articular surface. Sagittal T2 non-contrast sequences (Fig 2e-f) demonstrate the lesion as being hyper-intense to muscle with a few small cystic areas. Subperiosteal extension of soft tissue causes scalloping of the posterior aspect of the distal femur metaphysis (black arrowheads). The final impression was lateral femoral condyle displaced pathological fracture secondary to an underlying mass lesion. TECHNIQUE: Scanner: Philips Achieva. Magnet: 1.5 Tesla Scanner. Coil used: SENSE-Knee-8. (Fig 4a) and axial proton density fat saturated images (Fig 4b) demonstrate progressive remodeling of the displaced fracture through the posterior aspect of the lateral femoral condyle (thin black arrows). There is progressive ossification of the epiphysis with areas in the lateral femoral condyle lesion now demonstrating architecture that resembles normal trabecular bone. Coronal T1 non-contrast image (Fig 4c) demonstrates interval progression of ossification of the lateral femoral condyle with interval development of small areas of fat signal intensity and trabecular architecture in the region of the lateral femoral condyle lesion. Coronal proton density fat saturated image (Fig 4d) reveals that the previously described areas of cystic change have resolved, with overall decrease of the T2 hyperintense signal indicating decreased edema. Expected post-operative changes at the biopsy site (thick black arrow on Fig 4c- (Fig 3a) and posterior (Fig 3b) images taken 4 hours after administration of technetium 99m MDP demonstrate increased activity in the lateral aspect of the distal epiphysis and metaphysis of the right femur (black arrows). No other areas of pathologically increased activity are identified. Dedicated anterior (Fig  3c) and posterior (Fig 3d) views of the knees show the same finding (white arrows). TECHNIQUE: 4 hour delayed whole body and focused planar images after administration of 15 mCi of technetium 99m MDP Figure 5 : 8 year old female with congenital indifference to pain. FINDINGS: At her nine month followed up the patient began to complain of right ankle pain. AP (Fig 5a) and lateral (Fig 5b) radiographs of the ankle demonstrate swelling of the soft tissues lateral to the ankle joint (white arrow) and tibiotalar joint effusion (black arrow) with normal appearing osseous structures. TECHNIQUE: Fig (Fig 6a) and coronal fat saturated proton density (Fig 6b) echo sequences demonstrates extensive marrow edema of the talus (thin white arrows on image 6a and 6b) and cystic change in the posterior facet of the talus. There is additional exuberant bone marrow edema at the lateral malleolus, medial malleolus (white arrowhead on image 6b), calcaneus, and cuboid. Coronal fat saturated PD (Fig 6b) and sagittal T1 fat suppressed turbo spin echo post contrast (Fig 6c) show exuberant synovitis of the tibiotalar and subtalar joints (black arrows on image 6b and 6c). A large ankle effusion (thick white arrow on image 6d) is seen on sagittal STIR images (Fig 6d) . 
Etiology

Congenital autosomal recessive disorder
Incidence Very rare. With less than 150 reported cases, the incidence is less than 1/1,000,000
Gender Ratio
Equally distributed among male and female
Age Predilection None
Risk Factors
None. The disease is congenital.
Treatment
Preventative care such as custom fit shoes and protective padding. Close clinical follow-up is necessary for early detection and treatment of injury Prognosis
Patients that have access to medical care can have a near normal lifespan.
Findings on Imaging
The patient may present with old healed fractures and/or new fractures in different stages of healing depending on when they present.
Findings on Pathology
Bone biopsy will show healing bone. (Fig 7a) and post-contrast axial T1 turbo spin echo fat saturated (Fig 7b) images demonstrate progressive healing of the displaced fracture through the lateral femoral condyle as well as progressive ossification of the lateral femoral condyle epiphysis (black arrows). There is normal marrow signal and trabecular architecture through almost the entire lateral femoral condyle with a small amount of residual abnormal signal adjacent to the fracture site. These changes are also annotated on post-contrast sagittal T1 fat saturated (Fig 7c) and T2 TSE fat saturated (Fig 7d) images. On T1 contrast enhanced fat suppressed sequences (Fig 7e) , no fracture of pathologic enhancement is noted. TECHNIQUE: Scanner: Philips Achieva. Magnet: 1.5 Tesla Scanner. Coil used: SENSE-Cardiac. Contrast used: 5mL Omniscan. Congenital indifference to pain; congenital insensitivity to pain; congenital insensitivity to pain with anhydrosis; congenital pure analgesia; MRI; bone scan; neuropathic arthropathy; inflammatory arthropathy
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